The incidence of Hodgkin lymphoma has increased among adolescents and young adults in recent decades, but the relevant risk factors in early life are still unknown. A national cohort study was conducted of 3,571,574 individuals born in Sweden in 1973-2008 and followed up for Hodgkin lymphoma incidence through 2009, to examine perinatal and family risk factors for Hodgkin lymphoma in childhood through young adulthood (ages 0-37 years). There were 943 Hodgkin lymphoma cases identified in 66.3 million person-years of follow-up. High fetal growth was associated with an increased risk of Hodgkin lymphoma after adjustment for gestational age at birth and other potential confounders (P trend = 0.005). Family history of Hodgkin lymphoma in a sibling or parent also was strongly associated with an increased risk, with adjusted hazard ratios = 8.83 (95% confidence interval: 3.67, 21.30) and 7.19 (95% confidence interval: 3.58, 14.44), respectively. No association was found between gestational age at birth, birth order, twinning, parental age, or parental education and Hodgkin lymphoma. These findings did not vary by age at Hodgkin lymphoma diagnosis. Similar associations were found for nodular sclerosis and mixed cellularity subtypes. These findings suggest that perinatal factors including possible growth factor pathways may contribute to the risk of Hodgkin lymphoma in childhood through young adulthood. birth order; family; fetal development; gestational age; Hodgkin disease; lymphoma; maternal age Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; EBV, Epstein-Barr virus; SD, standard deviation.
Hodgkin lymphoma has a characteristic bimodal age distribution in Western countries, with incidence peaks occurring in young adulthood and after the age of 50 years (1) . The etiology is heterogeneous and still poorly established, but it may involve genetic factors (2) , immune-related disorders (3, 4) , Epstein-Barr virus (EBV) and other infections (5, 6) , and other environmental exposures (7, 8) . In the past few decades, the incidence of Hodgkin lymphoma in the United States and Europe has decreased significantly among the elderly but has increased among adolescents and young adults (9) (10) (11) . This increase among the young has led to a growing interest in identifying risk factors that occur in early life. Such information would advance our understanding of Hodgkin lymphoma etiology and may potentially lead to earlier detection and treatment.
High birth weight has previously been associated with leukemias (12) and other cancers in early life (13) but has been inconsistently associated with Hodgkin lymphoma (8, (14) (15) (16) (17) (18) . The mechanisms by which birth weight may affect Hodgkin lymphoma risk are unknown but may involve epigenetic pathways (19) or growth factors such as insulin-like growth factor-I, which is correlated with birth weight and has been shown to inhibit cell apoptosis and to promote tumor growth (20) . Most studies of Hodgkin lymphoma to date have focused on birth weight without examining its specific components-gestational age at birth and fetal growth; hence, the specific contributions of these factors are still unclear. In addition, most have been casecontrol studies with other limitations, including possible selection bias due to socioeconomic and other differences between cases and controls, wide variability in control for confounding, and insufficient statistical power.
We conducted a national cohort study of 3.5 million people born in Sweden during 1973-2008 and followed up for Hodgkin lymphoma incidence through 2009, to examine perinatal and family risk factors for Hodgkin lymphoma in childhood through young adulthood. Detailed information on perinatal and family characteristics and Hodgkin lymphoma diagnoses was obtained from birth and cancer registries that are nearly 100% complete for this population (21, 22) . We hypothesized that high fetal growth would be independently associated with Hodgkin lymphoma in childhood through young adulthood.
MATERIALS AND METHODS
We identified 3,595,055 individuals in the Swedish Birth Registry who were born from 1973 through 2008. We excluded 8,113 individuals (0.2%) who had missing information for gestational age at birth and 10,029 others (0.3%) who had missing information for birth weight. To remove possible coding errors, we also excluded 5,339 (0.1%) others who had a reported birth weight more than 4 standard deviations above or below the mean birth weight for gestational age and sex based on a Swedish reference growth curve (23) . A total of 3,571,574 individuals (99.3% of the original cohort) remained for inclusion in the study. This study was approved by the Ethics Committee of Lund University in Malmö, Sweden.
Hodgkin lymphoma ascertainment
The study cohort was followed for Hodgkin lymphoma incidence from birth through December 31, 2009 (maximum attained ages ranged from 1 to 37 years). All Hodgkin lymphomas (International Classification of Diseases, Seventh Revision, code 201) were identified from the Swedish Cancer Registry. This registry includes all primary incident cancers in Sweden since 1958, with compulsory reporting nationwide. Histologic subtypes were classified according to Systemized Nomenclature of Medicine (SNOMED) codes since 1993 and synonymous definitions provided by the World Health Organization before this period (24) and were examined in the following categories: 1) nodular lymphocyte predominant Hodgkin lymphoma and 2) classic Hodgkin lymphoma, subclassified as 2a) nodular sclerosis, 2b) lymphocyte-rich, 2c) mixed cellularity, 2d) lymphocyte-depleted, and 2e) classic Hodgkin lymphoma "not otherwise specified."
Perinatal and family variables
Perinatal and family characteristics that may be associated with Hodgkin lymphoma were identified from the Swedish Birth Registry and national census data, which were linked by using an anonymous personal identification number (25) . The following were included as predictors of interest and adjustment variables-sex (11); birth year (modeled as a categorical variable to allow for a nonlinear effect: 1973-1979, 1980-1984, 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2008) (9) (10) (11) ; fetal growth (a standardized measure of birth weight accounting for gestational age and sex, defined as the number of standard deviations from the mean birth weight for gestational age and sex based on a Swedish reference growth curve (23) and modeled as a continuous variable or categorized into 6 groups (<−2, −2 to <−1, −1 to <0, 0 to <1, 1 to <2, ≥2 standard deviations (SDs)) to allow for a nonlinear effect) (26) ; gestational age at birth (based primarily on maternal report of last menstrual period in the 1970s, at which time ultrasound estimation was gradually introduced until it was used exclusively starting in the 1990s, and modeled as a continuous variable or categorized into 5 groups (22-28, 29-33, 34-36, 37-42 , ≥43 weeks) to allow for a nonlinear effect) (18) ; multiple birth (singleton or twin) (27) ; birth order (1, 2, 3, 4, ≥5) (28) (29) (30) (31) (32) (33) (34) (35) ; maternal age at birth (<20, 20-24, 25-29, 30-34, 35-39 , ≥40 years) ( paternal age was also examined but was not retained in the final model because of its collinearity with maternal age) (36) (37) (38) ; maternal and paternal educational levels (compulsory high school or less (≤9 years), practical high school or some theoretical high school (10-11 years), theoretical high school and/or some college (12-14 years), college and/or postgraduate study (≥15 years), or unknown, which were entered into the model separately for mothers and fathers) (1); and family history of Hodgkin lymphoma in a sibling or parent (yes or no; identified from the Swedish Cancer Registry from 1958 through 2009, not self-reported, thus enabling complete and unbiased ascertainment during this time period, and entered into the model separately for siblings and parents) (1) .
In secondary analyses, each of the following was examined in a separate model as an alternative to the standardized fetal growth variable: birth weight (modeled as a continuous or categorical (<2,500, 2,500-3,999, ≥4,000 g) variable); birth length (crown-heel length in cm, modeled as a continuous or categorical (<48, 48-52, ≥53 cm) variable); and ponderal index (birth weight in g × 100/(birth length in cm) 3 , modeled as a continuous or categorical (<2.60, 2.60-2.89, ≥2.90) variable).
Statistical analysis
Cox proportional hazards regression was used to estimate hazard ratios and 95% confidence intervals for the association between perinatal or family characteristics and Hodgkin lymphoma. Individuals were censored at death (n = 32,566; 0.9%) or at emigration as determined by the absence of a Swedish residential address in census data (n = 102,217; 2.9%). Analyses were conducted first unadjusted and then adjusted for covariates. First-order interactions among the covariates were explored by using a likelihood ratio test. The proportional hazards assumption was assessed by using the method described by Grambsch and Therneau and was met in each of the models (39) . In addition, multinomial logistic regression was used to test for heterogeneity in the association between each risk factor and Hodgkin lymphoma by age at diagnosis, comparing <15 with ≥15 years of age. We also assessed the sensitivity of results to the duration of follow-up by repeating the main analyses after restriction to individuals with at least 20 years of follow-up (n = 1,614,957). All statistical tests were 2 sided and used an α-level of 0.05. All analyses were conducted using Stata, version 11.0, statistical software (40) .
RESULTS
Among the 3,571,574 individuals in this cohort, 943 (0.03%) Hodgkin lymphoma cases were identified in 66.3 million person-years of follow-up. The mean duration of follow-up was 18.6 years (SD = 10.4; median = 18.6), and the mean age at Hodgkin lymphoma diagnosis was 20.2 years (SD = 6.4; median = 20.1). Compared with individuals who were never diagnosed with Hodgkin lymphoma, those with Hodgkin lymphoma were more likely to have been born early in the study period and to have a lower birth order, a younger mother, parents with the lowest educational attainment, or a family history of Hodgkin lymphoma in a sibling or parent ( Table 1 ).
All Hodgkin lymphomas
High fetal growth was associated with an increased risk of Hodgkin lymphoma, after adjustment for gestational age at birth and the other covariates (adjusted hazard ratio (aHR) for each 1-SD increment of fetal growth = 1.09, 95% confidence interval (CI): 1.03, 1.16; P trend = 0.005) ( Table 2 ). There was no evidence of departure from linearity across different levels of fetal growth (likelihood ratio test, P = 0.26). Adjustment for all or any subset of covariates had little effect on these risk estimates. In contrast, gestational age at birth was not associated with Hodgkin lymphoma, with or without adjustment for covariates. Birth weight per se was not a focus of this study, but when alternatively examined in a separate model, the results were consistent with those for the standardized fetal growth variable (aHR for each 1,000 g of birth weight = 1.24, 95% CI: 1.09, 1.42; P trend = 0.002) ( Table 2 ). Birth length was highly correlated with birth weight (correlation = 0.81) and produced similar results (aHR for each cm of birth length = 1.04, 95% CI: 1.01, 1.08; P trend = 0.005), whereas ponderal index was positively but nonsignificantly associated with overall Hodgkin lymphoma risk (P trend = 0.25) ( Table 2) .
Family history of Hodgkin lymphoma in a sibling or parent also was strongly associated with an increased risk of Hodgkin lymphoma, with aHRs = 8.83 (95% CI: 3.67, 21.30) and 7.19 (95% CI: 3.58, 14.44), respectively. We found no evidence that the association with family history varied by whether the affected family member was male or female (P = 0.46) or by whether the affected family member was the same or opposite sex as the proband (P = 0.57) (data not shown).
No other perinatal or family characteristics were associated with Hodgkin lymphoma in this cohort. No association was found between birth order and Hodgkin lymphoma (P trend = 0.28), nor, in an ancillary analysis, between number of siblings (1, 2, 3, 4, ≥5) and Hodgkin lymphoma (P trend = 0.64; not included in the final model because of collinearity with birth order). Other analyses showed that there was no trend by paternal age, with or without adjustment for maternal age (data not shown). Paternal age was not retained in the final models because of its high correlation of 0.69 with maternal age. Maternal and paternal educational levels also were not associated with Hodgkin lymphoma, regardless of whether only one or both of these variables were included in the model. Excluding either had no effect on other risk estimates.
We explored the effect of age at Hodgkin lymphoma diagnosis on these results. The association between fetal growth and Hodgkin lymphoma among the 179 cases diagnosed before age 15 years (adjusted odds ratio for each 1-SD increment of fetal growth = 1.07, 95% CI: 0.93, 1.23) was similar to that among the 764 cases diagnosed at age 15 years or older (adjusted odds ratio = 1.08, 95% CI: 1.01, 1.16), with no evidence of heterogeneity between these 2 groups (P = 0.87). The associations between family history, birth order, or any other variables and Hodgkin lymphoma also had no evidence of heterogeneity by age at Hodgkin lymphoma diagnosis (P > 0.05 for each, comparing <15 with ≥15 years of age; data not shown).
Hodgkin lymphoma subtypes
Only 2 histologic subtypes occurred in sufficient numbers for analysis: nodular sclerosis (n = 572) and mixed cellularity (n = 76). Rarer subtypes included nodular lymphocyte predominant (n = 16), lymphocyte-rich (n = 8), and lymphocyte-depleted (n = 6), whereas 123 others had inadequately specific data (classic Hodgkin lymphoma "not otherwise specified"), and 142 had missing subtype data. Those with missing data had a similar mean fetal growth, gestational age at birth, and prevalence of family history of Hodgkin lymphoma compared with those with reported subtype (P > 0.05 for each).
High fetal growth was associated with an increased risk of the nodular sclerosis subtype (aHR for each 1-SD increment of fetal growth = 1.12, 95% CI: 1.04, 1.21; P trend = 0.004) ( Table 2 ). Point estimates for the mixed cellularity subtype also suggested a similar association, but the test for trend was nonsignificant (aHR for each 1-SD increment of fetal growth = 1.22, 95% CI: 0.98, 1.50; P trend = 0.07). Birth length, examined in a separate model, was positively associated with both the nodular sclerosis subtype (aHR for each cm of birth length = 1.06, 95% CI: 1.02, 1.10; P trend = 0.004) and the mixed cellularity subtype (aHR for each cm of birth length = 1.13, 95% CI: 1.02, 1.26; P trend = 0.02). Family history of Hodgkin lymphoma also was a strong risk factor for both of these subtypes (Table 2) . Male gender was inversely associated with nodular sclerosis (aHR = 0.70, 95% CI: 0.60, 0.83) and positively associated with the mixed cellularity subtype (aHR = 2.62, 95% CI: 1.57, 4.37).
We also found a birth cohort effect for the nodular sclerosis subtype, with an increasing risk among individuals born in more recent years (P trend = 0.01). However, subtype data were more likely to be missing for earlier birth cohorts (22% missing for birth years 1973-1979 compared with 11% for 1980-1984, 6% for 1985-1989, and <5% for 1990 or later). To assess for the possibility that the apparent increasing risk of this subtype was due to more complete reporting, we randomly assigned the nodular sclerosis subtype to 70% (the reported frequency of the nodular sclerosis subtype in Western countries (1, 41) ) of cases with missing subtype data in each birth cohort. In this sensitivity analysis, the previously noted birth cohort effect for the nodular sclerosis subtype was reversed and nonsignificant
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(P trend = 0.06), suggesting that the apparent increasing risk might be explained by temporal changes in reporting. There were no significant first-order interactions among the covariates with respect to Hodgkin lymphoma risk. In particular, no interaction was found between fetal growth and birth cohort with respect to the risk of Hodgkin lymphoma overall (P = 0.87), nodular sclerosis subtype (P = 0.74), or mixed cellularity subtype (P = 0.55). A sensitivity analysis that was restricted to individuals with at least 20 years of follow-up (n = 1,614,957) had a negligible effect on any of the risk estimates.
DISCUSSION
In this large national cohort study, high fetal growth and family history of Hodgkin lymphoma were independent risk factors for Hodgkin lymphoma in childhood through young adulthood. The association between high fetal growth and Hodgkin lymphoma is consistent with a similar finding reported for boys but not girls <15 years of age in a smaller cohort study in Australia (26) . However, our findings are contrary to that study's null findings for birth weight as well as most others based mainly on case-control data. A recent meta-analysis of 5 case-control studies (2,660 cases and 69,274 controls, aged <18 years) and 2 cohort studies (278,751 children, aged <9 years) reported no overall association between high or low birth weight and Hodgkin lymphoma (18) . Unlike the current study, most of those studies were limited to children and/or adolescents and did not examine gestational age at birth. The current study overcomes many earlier limitations by means of its large population-based cohort design with more complete perinatal data and Hodgkin lymphoma ascertainment, longer follow-up, and greater statistical power.
In contrast to fetal growth, gestational age at birth was not associated with Hodgkin lymphoma in this cohort. Although fetal growth and birth weight produced similar results, our findings confirm more specifically that fetal growth is the relevant component of birth weight that accounts for its association with Hodgkin lymphoma. The mechanisms by which high fetal growth may affect the risk of Hodgkin lymphoma are unknown, but one hypothesis involves growth factor pathways such as insulin-like growth factor-I levels, which are correlated with fetal growth and have been shown to inhibit apoptosis and enhance tumor growth (20) . High levels of insulin-like growth factor-I and other growth factors increase cell division and growth rates that may augment fetal sensitivity to carcinogenic effects or prevent apoptosis in lymphoid cells that have already begun malignant transformation. Epigenetic assessments of polymorphisms in the insulin-like growth factor family may help to further elucidate these pathways and their potential carcinogenic effect on lymphoid cells in utero.
The strong association we found between family history and risk of Hodgkin lymphoma was based on small numbers of cases with affected relatives but is consistent with earlier findings and may reflect both genetic and shared environmental factors. The heritability of Hodgkin lymphoma in the Swedish population has been estimated to be 28% (2) . Many human leukocyte antigen alleles have been associated with Hodgkin lymphoma (42) , specifically areas within the human leukocyte antigen class I and class III regions, which may account for ethnic variation in susceptibility to Hodgkin lymphoma (6) .
We found no association between birth order and Hodgkin lymphoma, irrespective of age at diagnosis. This is consistent with several (32-35) but not all (28-31) previous studies, most of which were smaller case-control studies that varied widely in their adjustment for confounding. Low birth order has been hypothesized to be a risk factor for Hodgkin lymphoma by means of delayed infection with EBV and other infectious agents, due to fewer exposures as a result of the absence of older siblings. This in turn may prevent normal maturation of the immune system from T-helper cell type 2 to T-helper cell type 1 predominance in childhood (43) . Our findings do not support this hypothesis but, rather, are consistent with those of an earlier case-control study of 354 Hodgkin lymphoma patients and 1,718 healthy controls that reported no association between age at first occurrence of infectious disease and Hodgkin lymphoma (in contrast to nonHodgkin lymphoma) (43) . In addition, a recent study of EBV serologies in 55 Hodgkin lymphoma patients or siblings with a history of infectious mononucleosis (a characteristic manifestation of delayed EBV infection) and 173 Hodgkin lymphoma patients or siblings without a history of mononucleosis reported that chronic or severe EBV infection was a risk factor for Hodgkin lymphoma, independent of mononucleosis history (44) . These findings suggest that underlying immune dysfunction is more etiologically relevant than age at EBV infection. Additional studies with more detailed information on infection history and childhood social environment are needed to clarify the complex relations between these factors and Hodgkin lymphoma.
An increasing incidence of the nodular sclerosis subtype has been reported in Denmark and Norway (9) and elsewhere in Europe (11) during 1978-1997. We found a similar birth cohort effect for this subtype, although a sensitivity analysis suggested that it might be explained by temporal changes in subtype reporting. There were no temporal trends in the risk of Hodgkin lymphoma overall in this cohort during the study period .
The most important strengths of this study were its national population-based cohort design and large sample size, enabling more robust and generalizable inferences. Linkage of national birth and cancer registries provided detailed information on perinatal factors and Hodgkin lymphoma incidence that was nearly 100% complete (21, 22) . A cohort design prevented selection bias that may potentially occur in case-control studies, and the use of registry-based data prevented bias that may result from self-reporting. We were able to examine the specific contributions of fetal growth and gestational age at birth while accounting for other perinatal and familial factors. Family history of Hodgkin lymphoma was also based on registry data with virtually complete ascertainment, thus improving the reliability of those risk estimates.
Study limitations included the unavailability of information on infection history, immune-related disorders, smoking, and maternal weight or body mass index; hence, we were unable to examine the potentially important effects of these factors. Maternal body mass index, which increased in Sweden during this study period (45) , influences birth weight (46) and warrants further investigation as a potential modifier of the association between fetal growth and Hodgkin lymphoma. Although statistical power was greater than in previous studies, the ability to detect associations with rarer histologic subtypes was still limited. Subtype data were also missing for some individuals, although there was no evidence that this occurred differentially with respect to perinatal factors or family history.
In summary, high fetal growth and family history of Hodgkin lymphoma were independently associated with Hodgkin lymphoma among individuals born in Sweden in 1973-2008. These findings suggest that perinatal factors including possible growth factor pathways may contribute to the risk of Hodgkin lymphoma in childhood through young adulthood. Further elucidation of these risk factors and their etiologic mechanisms may potentially facilitate the identification of high-risk individuals at young ages.
